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In the course of experiments on the nature of the agent responsible 
for the transmission of lymphatic leukemia in mice, the influence of 
certain factors on this agent in terms of the response of inoculated 
hosts has been studied in relation to the influence of these same factors 
on the survival of leukemic cells in vitro.  The chief interest centers 
in the question of the separability of the agent from living cells; the 
basis for the experiments reported lies in the known differences in the 
reactions of ceils and the non-cellular agents (viruses) of other diseases 
to various environmental conditions. 
Snijders (1) and Tio Tjwan Gie (2) have reported studies of this nature on trans- 
missible  lymphatic  leukemia  in  guinea  pigs.  These  investigators  found  that 
material rendered  cell-free by passage through  bacterial filters,  or in which  the 
cells were destroyed,  regularly failed to induce leukemia after inoculation, while 
material containing relatively few cells, did so only after a prolonged interval. 
In fowl leukemia however, the case is different.  Ellermann and Bang (3)  re- 
ported that this disease was transmissible by cell-free filtrates.  Furth and Miller 
(4) have substantiated this finding for certain varieties of the disease (myeloid and 
erythroleukosis) and Furth  (5) has also shown that the agent resists desiccation 
and  glycerin. 
In a preliminary statement (6) we have indicated that essentially 
the same conditions as reported for guinea pigs obtain for lymphatic 
leukemia of mice.  After damage to cells by heat, hypotonic solutions, 
desiccation, glycerin, and mechanical injury, the suspensions  did not 
transmit leukemia on inoculation, or did so after an increased interval. 
This interval was further found to be influenced by the number of 
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cells  inoculated.  Subsequent  studies  have  confirmed  these  findings 
and are reported here in greater detail.  Filtration  experiments have 
been carried out, and no potent filtrate has been obtained; publication 
of these experiments awaits further consideration. 
Material and Methods 
The leukemic material and the animals used have been previously described  (7). 
All the mice employed in the experiments herein reported came from the inbred 
strain designated as C-58.  Lymphatic leukemia, which occurs spontaneously in 
the older mice of this strain, may be transmitted to young mice of the same strain 
by inoculation of cell suspensions.  Several lines of inoculated leukemia from as 
many spontaneous cases have been obtained and continued by successive transfers 
with positive results in virtually 100 per cent of all inoculations with the usual 
technique.  In a few experiments Line A was used, but in most cases Line I was 
selected on account of the consistency in distribution of the lesions and the uni- 
formity of the interval between inoculation and death of the hosts (8). 
The general procedure has been to subject leukemic tissue  (spleen  or lymph 
node) minced in physiological  saline to some special treatment before inoculating 
host mice.  The primary observations consist  of counts of living and dead cells 
in the suspensions before and after the treatment, and the interval between inocu- 
lation and death of the hosts.  The leukemia-transmitting property of the cell 
suspension  is referred to as the transmitting agent.  Although treated here as an 
independent entity, it is realized that this agent may be identical with the leukemic 
cell. 
For the determination of the proportions of living and dead cells in the suspen- 
sions, we used the method described by Pappenheimer (9).  A solution of trypan 
blue in physiological saline (1/2,500) is added in an equal quantity of washed cells. 
After 5 minutes the proportions of stained and unstained ceils are determined by 
counting under the microscope.  Living cells are unstained; dead cells are stained 
blue.  Intermediate grades of staining and failure of dead cells to take the dye are 
occasionally  encountered.  The fact that these phenomena occur with large pro- 
portions of dead ceils suggests that the soluble products of cell disintegration pre- 
vent staining in a manner similar to the protective action of serum.  Thorough 
washing of the cells in several changes of saline obviates the difficulty.  In most 
of the trypan blue preparations 500 ceils were examined,  but when the proportion 
of stained ceils was high,  1,000 cells were examined by each of two individuals. 
Heat 
The influence of heat was studied in experiments of 3  types:  (1)  a 
comparison of the  effect of refrigeration (0-2°C.), room temperature 
(about  25°),  and  incubation  (37 °)  on  suspensions  of  leukemic  cells 
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periods of time;  (3)  the effect of short  exposures to different degrees 
of heat between  37 °  and  52 ° ,  thus  including the thermal  death-point 
of the  cells. 
In the 1st series of experiments saline suspensions of cells from the spleens of 
leukemic mice were divided into 3 parts, one of which was placed in the refrigera- 
tor, one at room temperature, and the other in the incubator; after 48 hours 4 mice 
were  inoculated  with  each  suspension.  This  procedure  was  carried  out  with 
material from the 24th transfer of Line I and the 28th transfer of Line A.  In each 
instance the material subjected to refrigeration transmitted leukemia on inocula- 
tion, but the suspensions kept at room temperature and in the incubator did not 
transmit the disease (Table III). 
The cells in these 2 experiments were not examined with trypan blue, hence no 
conclusions can be  drawn  regarding correlation between  survival of agent  and 
survival of cells.  In a separate experiment with material from the 149th transfer 
of Line I, it was found that the death of cells proceeded rapidly at a temperature 
of 37 ° , 99.9 per cent of the cells being stainable after 24 hours (Table IV).  This 
degree of cell death is reached at lower temperatures only after a longer interval. 
In the 2nd group of experiments cells were placed in the refrigerator for varying 
periods of time.  The effect on the survival of cells was determined by the trypan 
blue method after 2 hours, 1, 2, and 3 days, and the effect on survival of agent was 
determined by inoculation of susceptible animals after 1, 2, 3, and 7 days. 
An increase in the proportion of stainable (dead) cells was observed after a period 
of 2 hours, the number increasing in one experiment from 5.6 to 8.3 per cent, and in 
another from 4.3 to 8.3 per cent.  After 1 day a larger proportion of stainable cells 
were found, from 18 to 26.5 per cent in 5 experiments.  Mice inoculated with these 
5 suspensions and with 3 others in which cell death was not investigated, died of 
leukemia after a  slightly greater interval than those inoculated at once.  There 
was, however, considerable overlapping of intervals of individual mice (Table I). 
The results after refrigeration for 2 days were irregular.  Cell death was in- 
creased, in amount apparently depending on the cell concentration, as found in 
material from the 156th transfer of Line I, in which cell suspensions of 2 concentra- 
tions were compared, one containing 12,700 cells per c.mm., and the other 3,140. 
When first prepared these suspensions contained 14.3 and 22.8 per cent of stainable 
cells, and after 48 hours refrigeration 23.6 and 96.1  per cent respectively.  Both 
suspensions caused leukemia when inoculated at once, but the more dilute failed 
to transmit leukemia when inoculated after 2 days.  In 2 other experiments the 
intervals before death were prolonged after refrigeration but cell death was not 
investigated (Table I). 
Refrigeration of suspensions for 3 days before inoculation resulted in prolonged 
intervals, with overlapping of individual times in 2 of 6 experiments.  In 4 experi- 
ments with Line I, all (16) of the inoculated mice developed leukemia; in 2 experi- 
ments with Line A, (8 mice) 1 mouse in each failed to develop leukemia. MOUSE  LEUKEMIA.  VII 
TABLE  I 
Effect of Refrigeration  at 0-2°C. on Leukemic Cells and Agent in Vitro 
I  18 
I  25 
I  98 
I  104 
I  104 
I  105 
I  113 
I  118 
I  24 
I  156 
I  156 
A  38 
I  160 
Leukemic cells 
Line  Lenl 
and  [.of ti 
trans-  in re: 
__fer [ __~.~1 
C 
1 
;th  Cells 
e.mm. 
2,7~ 
3,140 
4,888 
Per 
cent 
stain- 
able 
6.0 
19.8 
15.0 
18.0 
7.8 
21.1 
8.8 
20.0 
13.0 
26.5 
14.3 
23.6 
22.8 
96.1 
9.8 
31.1 
35.6 
N~ 
ao 
at ~d" 
4 
3 
I 
4 
4 
2 
4 
7 
4 
8 
4 
4 
3 
Inoculated  hosts 
Interval before death 
of positive mice. 
Individual records 
days 
7-7-7 
9-9-9-9 
7-7-7 
8 
7-7-8-8 
9-9-9-9 
7-9 
8-8-9-9 
6-6-7-7-7-7-10 
7-~8-9 
~7-7-7-7-7-8-9 
7-7-7-8 
7-8-9-9 
7-9-10 
8-8-8-10 
10-10-10-10 
6-6-7 
7-10-10-11 
7-7-7-7 
6-&7-7 
8-8-8-9 
17-19-22 
17-18-32-39 
Aver- 
age 
interval 
days 
7.0 
9,0i 
7.0 
8.0 
7.5 
9.0 
8.0 
8.5 
7.1 
8.0 
7.1 
7.25 
8.25 
8.6 
8.5 
10.0 
6.3 
9.5 
7.0 
6.5 
8.25 
19.3 
26.5 
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TABLE  I--Co~cluded 
Leukemic cells  Inoculated hosts 
Line  Length 
and  of time 
trans-  in refrig- 
fer  erator 
days 
[  19  0 
3 
[  99  0 
1/12 
3 
[  99  0 
1/12 
3 
118  0 
3 
6  0 
3 
~_  32  0 
3 
8  0 
7 
Cells  Per 
cent 
per  stain- 
c.mm.  able 
5.6 
8.3 
46.5 
4.3 
8.0 
56.5 
~15.0 
{  25.8 
No. 
inocu- 
lated 
4 
4 
Interval before death  Aver- 
of positive mice.  age 
Individual records  interval 
days  days 
7-9-9  8.3 
14-14-16-17  15.25 
6-6-7-10  7.25 
9-10-10-11  10.0 
6-6-8-9  7.25 
10-11-12-12  11.25J 
5-6-6-8  6.25 
8-8-8--10  8.25 
12-19-19  16.7 
22-22-23  22.3 
14-16--18-18 
38-40-108  16.5 
62.0 
Also 1 negative.  Reinocu- 
lated  without  result. 
Died  of  spontaneoue 
leukemia 
1 negative, killed after 193 
days 
11-14-16  13.7 
22-25-26  24.3  I doubtfulat 83 days 
7 days refrigeration of the material from Line A resulted in intervals slightly 
greater than after refrigeration for 3 days, with 1 doubtful case among 4 inoculated. 
Cell suspensions kept at constant temperatures showed a decrease in the total 
number of cells and a continuous increase in the proportion stainable (Table IV). 
In the refrigerator,  the proportion of stainable cells in material from the  151st 
transfer of Line I reached 99.9 per cent after 103 hours.  With a separate cell sus- 
pension  from the 149th transfer of Line I kept in the incubator, the same proportion 
of stainable ceils was reached after 24 hours. 
In the 3rd series of experiments (Table II) the effect of subjecting cell suspen- 
sions to temperatures of 37-52  °  for  10 minute periods was studied.  Three cell 
suspensions were each divided into 12 parts, each part put in a test-tube and placed 
in a water bath at the required temperature.  After 10 minutes they were removed 
to room temperature, the proportions of stainable cells determined, and, in 1 series, 6  MOUSE  LEUKEMIA.  VII 
4 mice were inoculated with each of the 12 samples subjected to different tempera- 
tures.  It  is  probable  that  temperature  equilibrium was  not  reached  in  these 
procedures, but  absolute temperature values are of less importance in this case 
TABLE  II 
Effect of Brief Exposure to Heat on Cells and Agent in  Vitro 
Material: Line I, 28th transfer 
Temperature, 
lO mm. exposure 
ac. 
37 
39 
41 
43 
45 
46 
47 
48 
49 
50 
51 
52 
Specimen l 
¢r cent cells stained 
Node 
15.2 
14.2 
12.8 
9.7 
11.2 
14.3 
13.7 
22.7 
24.7 
59.1 
92.8 
89.6 
Specimen 2 
~er cent cells stained 
Specimen 3 
mr cent cells stained 
Spleen 
14.5 
15.7 
11.4 
9.0 
12.5 
14.3 
10.3 
21.8 
28.9 
56.7 
90.0 
88.9 
Spleen 
28.6 
21.7 
28.2 
32.7 
32.5 
37.6 
36.5 
36.1 
51.7 
68.7 
67.1 
60.2 
Interval before death 
after inoculation 
with Specimen 3. 
Individualrecords 
days 
7-9-9-9 
8-9-10-10 
6-9-9-10 
12-12-12-12 
4 negative 
4 
4  " 
4  ~t 
4  " 
4  " 
4  " 
4  " 
TABLE  III 
Effect of Constant  Temperatures  on Agent in  Vitro 
Line and transfer  Temperature used  Length of exposure  Interval before death 
24 
A 38 
°C. 
0 
Room 
37 
0 
Room 
37 
kS. 
0 
48 
48 
48 
0 
48 
48 
48 
days 
6--6-7 
7-10-10-11 
4 negative 
4 
17-19-22 
17-18-32-39 
4 negative 
4  " 
than the observance of differences in suspensions subjected to different temperature 
conditions. 
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treated with substances other than saline, and hence they appear in more than 1 
experiment. 
Mice  inoculated  with  material  subjected  to  temperatures  above  43  °  did not 
develop leukemia,  although cell death was not great below 49  °,  and in  the sus- 
pensions used for inoculation was not over 68.7 per cent. 
From  these  experiments one may conclude that  cells  and  agent 
survive in vitro  at 0°C.  for at  least  7  days,  but  with an  increased 
number of stainable (dead) cells and a  decreased potency or amount 
of agent.  Survival of cells and agent is better at 0  ° than at 37°C.  A 
relationship exists between the survival of cells in vitro and the time 
TABLE  IV 
Effect of Constant Temperatures on Cells in Vitro 
Line and transfer  Temperature  Time  Cell count per  Per cent stainable  c.mm.  cells 
I  151 
I  151 
I  151 
I  151 
I  151 
I  151 
I  151 
I  151 
I  149 
I  149 
I  149 
I  149 
°C. 
0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
37.5 
37.5 
37.5 
37.5 
]~$. 
0 
2 
5 
24 
29 
48 
80 
103 
0 
2 
5½ 
24 
22,740 
22,220 
22,140 
17,940 
13,050 
11,410 
9,190 
11,210 
42,390 
40,140 
39,330 
38,982 
7.8 
8.9 
17.9 
36.9 
48.0 
96.4 
99.3 
99.9 
7.8 
30.1 
52.2 
99.9 
and  temperature  conditions  to  which  they are  subjected,  but  the 
results are too irregular to determine the degree of correlation. 
This  relation points  strongly to  the necessity for the survival of 
inoculated cells for the transmission of leukemia.  An apparent ex- 
ception exists in the failure of suspensions subjected to temperatures 
of 45-48 ° to transmit leukemia, although they contain high propor- 
tions of cells not stainable, and  presumably alive.  With  the possi- 
bility that cells subjected to this preliminary treatment may not sur- 
vive after inoculation, this  result cannot be regarded as evidence for 
the presence of a cell-free agent. 8  MOUSE  LEUKEMIA.  VII 
TABLE  V 
Effect of Concentration  of Salt on Cells and Agent in Vitro 
Prel~m|n~ry cell counts 
I  26  0.0 
0.2 
0.4 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
I27  3.1 
3.2 
3.3 
).4 
).5[ 
3.6[ 
).7 
3.8 
).9 
1142  ).091100,000 
0.54 100,000 
0.9  iO0,O00 
I  18  ).0 
1.2 
).5 
).7 
).9 
A 32  ).0 
).9 
--I 
hr~ 
hr, 
hr~ 
Subsequent cell counts 
°C. 
0-2 
~oom 
0-2  12,76( 
74,60( 
97,20( 
0-2 
0-2 
Inoculated mice 
Interval before 
death of posi- 
tive cases. 
Individual 
records 
days 
11-12-13-14 
8-9-10 
8-8-9-10 
8-8-8-9 
8-8-9-9 
8-9-9-9 
7-7-9-10 
7-7-8-9 
8-8-8-9 
2 hrs.  4 negative 
12-12-12-12 
11-11-11-11 
20 hrs. 1 4 negative 
15-15-17-17 
11-11-11-11 
9-9-9-9 
9-9-9-9 
24 hrs.  4 negative 
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Anisotonic Saline 
The effect of varying the salt content was studied by placing equiv- 
alent portions of cell suspensions in saline  solutions of different con- 
centration, determining the effect on the cells by examining with try- 
pan blue, and on the agent by inoculating mice. 
It was observed that both hypo- and hypertonic solutions caused an increased 
proportion of cells to become stained  with trypan blue, the proportion  stainable 
increasing  with  time.  In addition  to the dead cells stainable  with trypan blue, 
there is disappearance  of some of the cells after suspension in hypotonic solutions. 
This change is in the nature of lysis, and may be watched by placing a cover-glass 
over a small drop of cells suspended in normal saline with a drop of water at one 
edge of the cover-glass.  As the water is drawn under the cover, the swelling and 
disintegration  of the cells can be observed.  Because of this destruction of cells 
which do not appear in the counts, the number stainable  by trypan blue does not 
represent  the total number of dead cells, nor is the proportion stainable  known to 
be a function of the number disintegrated  (Table V). 
Four experiments  were  performed  in which  material  subjected  to hypotonic 
solutions at 0  ° was inoculated  into mice.  In the first, material was placed only 
in distilled water and in 0.9 per cent saline for 24 hours before inoculation.  The 
suspension in water failed to transmit leukemia in 4 mice inoculated, that in saline 
caused death from leukemia in 2 mice, in 15 and 20 days.  In a 2nd experiment in 
which cells were placed in solutions containing 0.9, 0.54, and 0.09 per cent salt for 
2 hours  before inoculation,  those  in the lowest concentration  failed to transmit 
leukemia, those in 0.54 per cent did so after a longer period than those in 0.9 per 
cent. 
From these  experiments  it  may be  concluded that  hypotonic salt 
solutions are unfavorable media for the preservation of leukemic cells 
and agent, the latter not surviving after death of the cells. 
Glycerin 
In 21 experiments  material was placed in 50 per cent  glycerin  for  periods of 
2 hours to 3 days before inoculation.  In 2 experiments the glycerin solution was 
prepared  by adding c.P. glycerin  to an  equal  quantity of distilled  water; in 2 
others,  to an equal quantity of 0.9 per cent saline; and in the remainder,  to 1.8 
per cent saline.  This last procedure  brought the final salt concentration to 0.9 
per cent, which in experiments on the effect of tonicity,  had been found preferable 
to lower concentrations  for the survival  of the agent. 
The glycerin suspensions were kept in the refrigerator  until inoculated,  and 
suspensions of the same material in saline were kept under the same conditions and 10  MOUSE  LEUKEMIA.  VII MAURICE  N.  RICHTER  AND  E.  C.  MACDOWELL 
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then  inoculated  into  other  mice.  These  control suspensions  regularly  caused 
leukemia. 
In all cases in which material was left in glycerin for periods of more than 1 day 
the results of inoculation were negative.  In 8 experiments in which the period in 
glycerin was 1 day or less, some of the inoculated mice developed leukemia. 
Although glycerin in the concentration  used rapidly kills cells, it is possible to 
find small numbers that are not stainable  (and thus presumably alive) after 1 or 
2 days.  In 7 of the 8 experiments  in which leukemia occurred after inoculation 
of material in glycerin, it was found that although the proportion of cells that were 
not stainable  was small,  their total numbers  were significant, as the doses used 
were larger  than usual.  In the  8th of these  experiments,  only 500 cells were 
examined, a number too small to justify the statement that living cells were not 
present  in significant numbers.  Thus the occurrence of leukemia in mice inocu- 
lated  with  the  glycerinized  suspensions  cannot be  considered  evidence  for the 
presence of a  non-cellular  agent. 
The results of the experiments  are  shown  in  Table VI.  In some 
of  the  experiments  mice  inoculated  with  glycerinized material  died 
within a  day or two after inoculation, while others became sick and 
recovered.  None of these had leukemia, and similar results followed 
the inoculation of similar solutions without cells. 
Desiccation 
The resistance of the agent of mouse leukemia to desiccation was studied  in 8 
experiments,  tissues  being  desiccated  in vacuo over sulfuric  acid  or phosphoric 
anhydride.  The spleen  or lymph node  was finely minced  with  scissors before 
desiccation, and a part placed in normal saline and inoculated into mice to demon- 
strate the presence of agent.  In the case of short desiccation periods, the saline 
material was kept in the refrigerator  for the same time (3 days) as the desiccated 
material before inoculation.  Desiccation was carried out at room temperature  in 
3 experiments,  and in the refrigerator  in 5.  After desiccation  the material was 
powdered, suspended in normal saline (in one experiment with the addition of an 
equal quantity of 1 per cent dextrose broth), and inoculated into mice.  The dose 
of desiccated material was greater than ordinarily  used, each mouse receiving the 
equivalent  of 1/10 to 1/4 of a spleen or large mesenteric node. 
Desiccation of 3 to 28 days has rendered the material incapable of 
causing leukemia  after  inoculation.  Examination  of  the  desiccated 
material  with trypan blue disclosed no living cells.  The results  are 
shown in Table VII. 14  MOUSE  LEUKEMIA.  VII 
TABLE  VII 
Effect of Desiccation on Agent 
A  29 
A  67 
I  1 
I  14 
I  84 
I  99 
I  99 
I  118 
Treatment of material 
Node  minced  in  ascitic 
fluid 
Desiccated  at  room  tem- 
perature 
Spleen in  saline and dex- 
trose broth, aa 
Frozen  and  desiccated, 
0-2°C. 
Saline 
Desiccated  at  room  tem- 
perature 
Saline 
Desiccated  at  room  tem- 
perature 
Saline and dextrose broth, 
aa 
Frozen  and  desiccated, 
0-2°C. 
Saline, 0-2°C. 
Desiccated,  0-2°C. 
Saline, 0-2°C. 
Desiccated, 0-2°C. 
ty$ 
0 
1  developed  spontaneous 
leukemia 162 days after 
inoculation 
1  missing  31  days  after 
inoculation 
Saline, 0-2°C.  3 
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Mechanical Injury 
The cells were damaged by grinding material with sand or with capillary pyrex 
glass tubing, and by continuous mechanical shaking.  Saline suspensions of the 
living cells were inoculated to demonstrate the presence of agent. 
TABLE  VIII 
Effect of Mechanical Injury by Grinding with Sand or Glass 
Line 
and 
trans- 
[er 
A I0 
A 37 
I  15 
I  21 
Treatment  of material 
Saline 
Ground with sand, 5 
min. 
Saline 
Ground with sand, 10 
vain. 
Ground with glass, 10 
min. 
Saline 
Ground with glass, 4 
rain. 
Saline 
Ground with sand, 5 
min. 
Ground with glass, 5 
min. 
inocu- 
12 
Results 
Survival times 
Positive  Negative 
d~ys 
8-11-15-16-17-17-17- 
23-26 
0 
23-31-46 (I killed  at 
11 days) 
20-52 
8-8-9 (1  killed at 10 
days) 
13-13-13-13 
8-8-9  (1  killed at  6 
days) 
13-13-13-13 
I~1~26-28 
'I spontaneous case  at 
11  147 days 
doubtful 13 days 
1  negative 3 mos. 
3  reinoculated after 64 
days; 1 after 153 days 
39 (1 killed at 137 days) 
All killed at 137 days 
Material ground with sand or glass fragments was used in 4 experiments.  In 2 
of these, performed with Line I, increase in the intervals of all mice inoculated with 
ground material was observed.  In 2 experiments performed with Line A, 12 of 
the  14 mice inoculated with ground material failed to develop leukemia (Table 
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In studying the effect of continuous shaking (Table IX), 2 saline suspensions of 
the same material were prepared,  one of which was shaken at room temperature 
in an electrical shaking  machine, while the other remained in the room without 
shaking.  Each suspension  was  examined  at  intervals  of 1/4, 2, and 52 hours. 
It was found that in the suspension shaken, there was an increase in stainable cells, 
a marked reduction in the total number of cells, and much debris after the 2 hour 
period.  In the other suspension there was a comparatively  slight  decrease in the 
total number of cells, while the change in stainable  cells was negligible. 
The Relation between Cell Dose and Interval before Death 
The results of the preceding experiments  show that destruction  of 
cells in the inocula by the methods used is followed by increase of the 
TABLE  IX 
Effect of Continuous Mechanical Shaking  on Survival  of Cells in  Vitro  at Room 
Temperature 
Line and 
transfer 
I 152 
Time 
15 rain. 
2 hrs. 
5¼  " 
Sample  1 not shaken 
No. of cells  Per cent 
per c.rnm,  stained 
32,850  9.1 
29,530  9.7 
26,430  9.4 
Sample  2 continuously 
shaken 
No. of cells  Per cent 
per c.ram,  stained 
16,520  10.0 
6,630  11.2 
4,050  24.4 
Cell debris 
Counts  inaccu- 
rate 
interval before death, or by negative  results.  If transmission  is  due 
to an agent closely associated with the cell, or to  introduction of the 
cell  itself,  there  should be  some correlation  between  the  number of 
cells inoculated and the interval. 
To test this, four experiments were performed in which splenic tissue was minced 
in saline and suspensions containing different numbers of cells prepared by dilution. 
Counts  of the cells in each  dilution were made by the usual  leukocyte  counting 
technique.  The suspensions were prepared at room temperature.  The glass con- 
tainers  and transfer  pipettes  used were coated  with  sterile  paraffin to minimize 
adherence of cells to glass surfaces.  In 1 experiment the intervals  were recorded 
to 1 day; in the others,  observations  were made about hourly from 6 a.m.  until 
midnight during the period in which the mice died, and the intervals  recorded as 
midway between the last time they were seen alive and the time they were found 
dead. MAURICE  N.  RICHTER  AND  E.  C.  MACDOWELL  17 
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In each experiment the mice inoculated with the  smallest dose lived longer, on 
the average, than those inoculated with the largest dose, with overlapping of their 
intervals in only 1 experiment.  With intermediate doses there  was more overlap- 
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FI~. 1.  Relation between cell dose and interval before death.  Figures in circles 
show number of mice from which average interval was determined.  Each experi- 
ment is represented by broken lines, the averages for all experiments by the con- 
tinuous line. 
ping, and in one experiment, practically no difference in result of inoculation with 
2,200,000  ceils and with 880,000.  In 2 experiments transmission was not success- 
ful in the lowest doses (9,600 and 6,200 ceils in one case and  75,000 in the other). MAURICE  N.  RICHTER  AND  E.  C.  MACDOWELL  19 
In 1 experiment (1-33 A and B) the mice were divided in 2 groups, the one being 
slightly heavier and older than the other.  In the range studied, no definite in- 
fluence of weight and age was noted. 
The  results  are  plotted  graphically  in  Fig.  1  (data  in  Table  X). 
Although  the data  do not permit one to draw conclusions regarding 
the exact shape of the curve obtained, they show that within certain 
limits of dosage an inverse relationship exists between the number of 
cells introduced and the intervals before death of the inoculated mice. 
With high  doses great differences in  the number of cells introduced 
make but slight differences in the intervals.  With smaller doses the 
results are not uniform.  The minimal  lethal  dose has not been de- 
termined,  but  successful  inoculation  has  followed the  introduction 
of less than 3,000 cells (91st transfer of Line I; not included in graph). 
It is evident that  great differences may be observed in the results 
of inoculation of material from the same line of leukemia at different 
times;  i.e.,  in  different  transfers.  This  is  shown  in  these  dilution 
experiments particularly in low doses, but is also evident by changes 
in the intervals observed after the usual massive doses.  Some of these 
data  have  been  previously  published,  and  are  comparable  to  the 
differing growth rates of many inoculable tumors. 
SUMMARY  AND  CONCLUSIONS 
The  effect of heat,  hypo- and  hypertonic  salt  solutions,  glycerin, 
desiccation, and mechanical injury was studied on leukemic lymphoid 
cells  of  the  mouse,  and  the  leukemia-transmitting  property  of  cell 
suspensions (hypothetical transmitting agent) in vitro. 
The  results  indicate  that  leukemia  has  not  been  transmitted  by 
inoculation  without  the  introduction  of  living  cells.  The  interval 
between inoculation  and  death  bears  an  inverse  relationship  to  the 
number of living cells inoculated. 
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